INTRODUCTION
Extranodal marginal zone lymphoma of mucosaassociated lymphoid tissue (MALT lymphoma) is one of the non-Hodgkin lymphomas, originating in tissues or organs outside of the lymph nodes. Typically, this neoplasm involves the gastrointestinal tract, thyroid, ocular adnexa, lungs, salivary glands, liver, and skin [1, 2] . Of these organs, the stomach is the most frequently identified primary site. Approximately two-thirds of patients with gastric MALT lymphoma have chronic Helicobacter pylori (H. pylori) infection in the stomach, which is believed to be the causative organism. Clinically, eradication of H. pylori is the first-line management of choice, resulting in regression of lymphoma in 75% to 80% of patients [3] . Meanwhile, cases with chromosomal abnormalities of t(11;18)(q21;q21)/API2-MALT1 translocation have been shown to be resistant to H. pylori eradication. Consequently, evaluation of t(11;18)(q21;q21) translocation at the initial workup is valuable to forecast the response to antibiotic therapy against H. pylori [4] . Previously, we reported a case of gastric MALT lymphoma with trisomy 18 [5] . In that case, although there were no fusion genes of API2-MALT1, trisomy 18 was identified as extra copies of MALT1, using a fluorescence in situ hybridization (FISH) analysis for t(11;18)(q21;q21)/API2-MALT1 translocation, since MALT1 is located on chromosome 18q21. The patient required radiation therapy to treat the gastric lymphoma lesions, because the gastric lesions only partially improved after eradication therapy for H. pylori. Though radiation therapy resulted in complete remission, MALT lymphoma recurred in the stomach 16 mo later. Previous studies investigating chromosome aneuploidy in MALT lymphomas also reported that trisomy 18 might be indicative of progression or relapse in patients with gastric MALT 
METHODS
This is a multi-centered, retrospective study. We reviewed 146 patients with MALT lymphoma in the stomach who underwent fluorescence in situ hybridization analysis for t(11;18) translocation. Patients were subdivided into patients without t (11;18) translocation or extra copies of MALT1 (Group A, n = 88), patients with t(11;18) translocation (Group B, n = 27), and patients with extra copies of MALT1 (Group C, n = 31). The clinical background, treatment, and outcomes of each group were investigated.
RESULTS
Groups A and C showed slight female predominance, whereas Group B showed slight male predominance. Mean ages and clinical stages at lymphoma diagnosis were not different between groups. Complete response was obtained in 61 patients in Group A (69.3%), 22 in Group B (81.5%), and 21 in Group C (67.7%).
Helicobacter pylori (H. pylori) eradication alone resulted in complete remission in 44 patients in Group A and 13 in Group C. In Group B, 14 patients underwent radiotherapy alone, which resulted in lymphoma disappearance. Although the difference was not statistically significant, event-free survival in Group C tended to be inferior to that in Group A (P = 0.10).
CONCLUSION
Patients with t(11;18) translocation should be treated differently from others. Patients with extra copies of MALT1 could be initially treated with H. pylori eradication, similar to patients without t (11;18) translocation or extra copies of MALT1 . lymphoma [6] [7] [8] . Based on our experience and previous reports, we hypothesized that gastric MALT lymphoma with extra copies of the MALT1 gene may be resistant to H. pylori eradication and may show more frequent progression or relapse than those without chromosomal aberrations. However, no studies have described the initial treatment and response in such patients. The purpose of this study is to reveal the clinical characteristics and outcomes of gastric MALT lymphoma in patients with t(11;18)(q21;q21)/API2-MALT1 translocation or extra copies of MALT1, in order to determine initial treatment strategies for cases presenting with chromosomal aneuploidy.
MATERIALS AND METHODS
Letters of inquiry regarding patients with gastric MALT lymphoma were sent from the Department of Gastroenterology and Hepatology, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, to ten collaborating institutions. The inclusion criteria were: (1) patients with pathologically diagnosed MALT lymphoma in the stomach, and (2) patients who underwent fluorescence in situ hybridization analysis for t(11;18)(q21;q21)/ API2-MALT1 translocation on biopsy samples from the gastric MALT lymphoma lesions. FISH analysis was performed for all patients on fresh biopsy samples using dual-color, dual-fusion translocation probes for API2/MALT1. MALT lymphoma with a large-cell component was excluded from this study. Finally, a total of 146 patients diagnosed with gastric MALT lymphoma between October 1997 and November 2015 were identified. Thus, these patients were retrospectively registered in this study.
According to the FISH result for t(11;18) translocation, patients were subdivided into three groups as follows: (1) Group A: patients without t(11;18)(q21;q21)/API2-MALT1 translocation or extra copies of MALT1 ( Figure 1A ), (2) Group B: patients with t(11;18) translocation ( Figure 1B) , and (3) Group C: patients with extra copies of MALT1 ( Figure 1C ). To determine the patient characteristics of gastric MALT lymphoma with or without chromosomal aberrations, we retrospectively examined the gender, age at diagnosis, endoscopic features, clinical stages according to Lugano classification [9] , H. pylori infection status, treatments, response to treatments, and outcomes. H. pylori infection status was examined by urea breath tests, rapid urease tests, microscopic observations or culture tests on endoscopically biopsied specimens, stool antigen tests, serum or urine antibody tests, or a combination of these methods. Success of H. pylori eradication was confirmed by urea breath tests, rapid urease tests, microscopic observations or culture tests on endoscopically biopsied specimens, or stool antigen tests. The follow-up period was defined as the period from the lymphoma diagnosis to death from any cause or to the patient's last hospital visit.
Macroscopic features of gastric lymphoma lesions observed during esophagogastroduodenoscopy were classified into the following six subtypes [10] : (1) erosions/ulcers; (2) early gastric cancer-like lesion that formed a slightly depressed area; (3) whitish mucosa; (4) cobblestone appearance; (5) submucosal tumorlike lesion; and (6) mixed (a combination of these five subtypes). All cases were reviewed and their subtypes were classified by board certified endoscopists.
Event-free survival was measured from diagnosis until documented progression/relapse, death from primary disease, or commencement of the second treatment for any reason. For the comparisons of the two groups, statistical analyses including t-tests, χ 2 tests, and F-tests were performed using JMP 8.0.1 software (SAS Institute, Cary, NC, United States). Cumulative event-free probabilities were calculated by Kaplan-Meier analysis and log-rank tests were performed using the JMP 8.0.1 software. P < 0.05 was considered to indicate a statistically significant difference. The present study was approved by the Ethical Committee of the Okayama University Hospital and adhered to the Declaration of Helsinki.
RESULTS
In this study, clinical data of 146 patients (76 women and 70 men) were collected from nine institutions ( Table 1) . FISH analysis for t(11;18)(q21;q21)/API2-MALT1 revealed that t(11;18) translocation and extra copies of MALT1 were not identified in 88 patients ( Figure 1A ). Fusion genes of API2-MALT1 indicating t(11;18)(q21;q21)/API2-MALT1 translocation were detected in 27 patients (10 women and 17 men) ( Figure  1B ). Extra copies of MALT1 were found in 31 patients; the ratio of MALT1 signals to API2 signals was 3:2 in 28 patients, suggesting trisomy 18 ( Figure 1C ), and 4:2 in one patient, suggesting tetrasomy 18, ( Figure  1D ). The remaining two patients had a combination of lymphoma cells with either trisomy 18 or tetrasomy 18. In one patient with extra copies of MALT1, several lymphoma cells had six MALT1 signals with four API2 signals, which is considered as trisomy 18 with tetraploidy ( Figure 1E ).
Patients without t(11;18) translocation or extra copies of MALT1 (Group A) showed slight female predominance (48 women and 40 men), while patients with t(11;18)(q21;q21) translocation (Group B) showed slight male predominance (10 women and 17 men). However, there was no statistically significant difference between Groups A and B regarding sex ratio (P = 0.11). Patients with extra copies of MALT1 (Group C) showed slight female predominance (18 females and 13 males) compared to Group A (P = 0.73). The mean ages at lymphoma diagnosis was 65.9 ± 12.3 years in Group A, 64.2 ± 11.2 years in Group B, and 65.0 ± 14.9 years in Group C and was not different between groups. Lymphoma lesions were localized in the stomach without lymph node or other organ in 42 patients (28.8%), submucosal tumor-like lesions in 29 patients (19.9%), cobblestone appearance in 17 patients (11.6%), early gastric cancer-like lesions in 10 patients (6.8%), and mixed lesions in four patients (2.7%). The ratio of each macroscopic morphology was similar between Groups A and C. Moreover, no patients in Group B presented with submucosal tumorlike lesions.
Treatments and outcomes are shown in Table 3 . Follow-up periods were 3.9 ± 3.1 years in Group A, 5.1 ± 4.5 years in Group B, and 2.9 ± 2.2 years in involvement in most of the patients (131/146, 89.7%), thus they were classified as stage I according to the Lugano system of staging [10] . H. pylori infection status was examined in all patients. In Group A, 75.0% of the patients were positive for H. pylori. Group C had similar positivity for H. pylori (67.7%). In contrast, only 7.4% of the patients in Group B had H. pylori infection (P < 0.01, vs Group A). Endoscopic features are summarized in Table 2 . Overall, gross findings of the gastric lymphoma lesions were as follows: erosions/ulcers in 44 patients (30.1%), whitish mucosa With regard to treatment regimens, most of the patients without t(11;18) translocation or extra copies of MALT1 (Group A) were treated with H. pylori eradication alone (n = 62, 70.5%). More than half of the patients with t(11;18)(q21;q21) translocation (Group B) were treated with radiotherapy alone (n = 15, 55.6%). Approximately two-thirds of the patients with extra copies of MALT1 (Group C) were treated with H. pylori eradication alone (n = 20, 64.5%). Table 4 shows treatment regimens that resulted in complete remission of MALT lymphoma lesions. Complete remission of lymphoma was observed in Figure 2 shows cumulative event-free probabilities between the three groups. Although event-free survival of Group C patients seems to be inferior than that of the Group A and Group B patients, log-rank test revealed that the difference between Groups A and C was not statistically significant (P = 0.10).
DISCUSSION
To our knowledge, the present report is the largest retrospective study investigating chromosome aberrations in gastric MALT lymphoma. Our review of 146 patients revealed that 31 patients (21.2%) had extra copies of MALT1. Prevalence of trisomy 18 in MALT lymphomas has been reported to range from 5% to 39% [11] [12] [13] [14] [15] [16] [17] . Other chromosomal abnormalities involved in MALT lymphomas are trisomies 3, 7 and 12. The incidence varies between reports in the literature: trisomy 3 can be detected in 6% to 24%, trisomy 7 in 3% to 15%, and trisomy 12 in 3% to 38% [17] . The clinical significance of these chromosomal numerical changes has been investigated in several studies [6] [7] [8] [18] [19] [20] . Tanimoto et al [19] investigated 34 patients with primary ocular adnexal MALT lymphoma and found that disease recurrence was documented in five cases, all of which had trisomy 18. Statistical analysis revealed that the time to recurrence was significantly shorter in patients with trisomy 18 than in those without trisomy 18 (P = 0.05). We also reported a patient with gastric MALT lymphoma with trisomy 18 in whom only partial improvement was documented after eradication therapy for H. pylori, and lymphoma recurred in the stomach 16 months after radiotherapy [5] . On the other hand, Taji et al [17] retrospectively reviewed 13 patients with localized MALT lymphoma in the stomach, and reported that all patients with unresponsive or progressive disease had t(11;18) translocation or trisomy 3. Conversely, one patient with complete response had trisomy 18, and another patient with complete response had both trisomies 12 and 18. Based on these findings, the authors speculate that trisomy 3 is related to resistance to H. pylori eradication therapy and disease recurrence in gastric MALT lymphoma, whereas trisomies 12 and 18 are not. Nakamura and colleagues reviewed 90 cases of gastric MALT lymphoma and reported that extra copies of MALT1 were found in 18 of 71 (25%) cases [6] . Although overall survival was not associated with the presence of extra copies of MALT1, disease progression or relapse of lymphoma was more frequently observed in patients with extra copies of MALT1. Possible correlations between extra copies of MALT1 and progression or relapse of lymphoma have been described in other studies as well [7, 8] . In the present study, although the difference was not statistically significant, log-rank test revealed similar tendencies (Figure 2) . Consequently, patients with additional copies of MALT1 may require more frequent clinical follow-up.
In the present study, the sex ratio of the patients with extra copies of MALT1 (Group C) was similar to that of the patients without t(11;18) translocation or extra copies of MALT1 (Group A), with the number of females being greater than males. On the contrary, although the difference was not statistically significant, patients with t(11;18) translocation (Group B) included more males than females. It was also noteworthy that Group C patients had similar prevalence of H. pylori infection to Group A. Other patient characteristics, such as the age at lymphoma diagnosis, clinical stages, and macroscopic morphology were not different between Groups A and C. The majority of Group A and Group C patients were treated with H. pylori eradication alone. Moreover, H. pylori eradication alone resulted in complete remission of lymphoma in 44 patients in Group A and 13 in Group C. Overall, the results observed in this study suggest that patients with trisomy and tetrasomy 18 require no distinct treatment from patients without aberrations. To our knowledge, the present study is the first to reveal clinical responsiveness to H. pylori eradication in gastric MALT lymphoma patients with extra copies of MALT1. In addition, in the present study, FISH analysis was performed by using fresh biopsy samples, whereas previous reports primarily involved analyses of archival pathologic specimens with the aim of clarifying the etiology of chromosomal aberrations. We believe that our results would be more readily interpreted in actual clinical settings for physicians responsible for gastric MALT lymphoma patient therapy.
The present study included 27 patients (18.5%) Although event-free survival of Group C patients appears to be inferior to that of the patients of the other two Groups, log-rank test revealed that the difference between Groups A and C was not statistically significant (P = 0.10).
with t(11;18)(q21;q21)/API2-MALT1 translocation. t(11;18)(q21;q21)/API2-MALT1 is the most frequent translocation among gastric, pulmonary, intestinal, and cutaneous MALT lymphomas, accounting for 13% to 35% of cases [3, 21, 22] . Other chromosomal a b e r r a t i o n s d e t e c t e d i n M A LT l y m p h o m a s include t(1;14)(p22;q32), t(14;18)(q32;q21), t(3;14)(q27;q32), and t(3;14)(p14.1;q32) [3] . Several of such karyotypic alterations have been known to activate the nuclear pathway, which is considered to lead to lymphomagenesis. Thus, these translocationpositive MALT lymphomas arise independent of H. pylori infection and are unresponsive to antibiotic treatment [3] . Moreover, these patients often show a late response and lymphoma relapse during followup [18, 23] . Regardless of the adverse clinical features, t(11;18) translocation is infrequently identified in transformed MALT lymphoma or diffuse large B-cell lymphoma, indicating that high-grade transformation is less likely to occur in translocation-positive MALT lymphomas than in those without chromosome aberration [3, 8, 18, 24] . In this context, polymerase chain reaction or FISH analysis for t (11;18) translocation is essential during the initial workup to determine the appropriate treatment strategy [25] . Of additional clinical interest is that trisomy and tetrasomy 18 can be detected as extra copies of MALT1 by FISH analysis, since MALT1 is located on chromosome 18 [18, 20] . In our study, all patients with t(11;18) translocation (Group B), except two, were negative for H. pylori infection. With regard to the macroscopic morphology of the gastric lesions, no patients in Group B presented with submucosal tumor-like lesions (Table 2) . We speculate that this result reflects the lower proliferative potential of MALT lymphoma cells with t(11;18) translocation, compared to that of cells without t(11;18) translocation or extra copies of MALT1. Since almost no patients in Group B had H. pylori infection, most of the patients were treated with radiotherapy and/or chemotherapy. These clinical features were concordant with previously reported characteristics of MALT lymphoma with t(11;18) (q21;q21)/API2-MALT1 translocation [8, [22] [23] [24] . There were several limitations associated with this study. First, the presence of extra copies of MALT1 is often suggestive of partial or complete trisomy/tetrasomy 18; both are different. Trisomy/ tetrasomy 18 should be determined only when extra copies are identified by FISH using centromerespecific probes for chromosome 18, or when gains of chromosome 18 are confirmed by array comparative genomic hybridization or by cytogenetic analysis (G-banding). However, these assays could not be performed because of the retrospective nature of this study. Second, not all chromosome alterations were investigated. As described above, trisomies 3, 7 and 12 and t(14;18) and t(3;14) translocations can be involved in MALT lymphomas [26, 27] . Therefore, Group A may have been heterogeneous and included patients with chromosomal aberrations other than t(11;18) translocation and trisomy 18. Third, only patients who underwent FISH analysis for t (11;18) translocation were enrolled in this study. FISH analysis may be waived for patients in which H. pylori was eradicated immediately following the diagnosis of MALT lymphoma and lymphoma regression was achieved. Thus, selection bias is a possibility in this study. Fourth, because this is a retrospective, multi-centered study, treatment strategies of each patient may have varied according to the attending physician's preference and the availability of chemotherapy and/or radiotherapy at each institution. Fifth, methods to examine H. pylori infection status varied among the different institutions participating in this study. Prospective studies utilizing uniform protocols are required to definitively compare treatment responses and prognosis in each group.
In conclusion, we reviewed 146 patients, including 31 (21.2%) with extra copies of MALT1 and 27 (18.5%) with t(11;18)(q21;q21)/API2-MALT1 translocation. Patients with t(11;18) translocation should be treated differently from others. However, patients with extra copies of MALT1 have similar clinical characteristics to cases without t(11;18) translocation or extra copies of MALT1. We propose that these patients can be initially managed in the same way as cases without chromosomal aberrations. However, since progression or relapse tended to be more frequently seen in patients with extra copies of MALT1, these patients may require closer clinical follow-up.
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